Three bacterial strains were isolated from liver and spleen of diseased farmed redbanded seabream (Pagrus auriga) in south-west Spain. Their partial 16S rRNA gene sequences clustered within those of the genus Photobacterium, showing high similarity (98.6-99.3 %) to the type strains of Photobacterium iliopiscarium, P. piscicola, P. kishitanii, P. aquimaris and P. phosphoreum. Multilocus sequence analysis using six housekeeping genes (gapA, topA, mreB, ftsZ, gyrB and 16S rRNA) confirmed the new strains as forming an independent branch with a bootstrap value of 100, likely to represent a novel species. To confirm this, we used whole genome sequencing and genomic analysis (ANIb, ANIm and in silico DNA-DNA hybridization) obtaining values well below the thresholds for species delineation. In addition, a phenotypic characterization was performed to support the description and differentiation of the novel strains from related taxa. Cells were Gram-stainnegative, motile bacilli, chemo-organotrophic and facultatively anaerobic. They fermented glucose, as well as galactose and D-mannose, without production of gas. Oxidase and catalase were positive. The predominant cellular fatty acids were C 16 : 1 !7c/C 16 : 1 !6c and C 16 : 0 . The predominant respiratory quinone (Q-8) and major polar lipids (phosphatidylethanolamine, phosphatidylglycerol and diphosphatidylglycerol) were inferred from annotated genes in the genome of strain H01100410B
The genus Photobacterium, a member of the family Vibrionaceae, currently contains 27 recognized species, most of them isolated from marine and lake waters, sand and marine sediments, and animals. Defined as facultatively anaerobic and weakly halophilic, Photobacterium species were originally thought to be mostly luminescent, although this trait has only been reported for strains of Photobacterium angustum, P. aquimaris, P. damselae, P. ganghwense, P. kishitanii, P. leiognathi, P. phosphoreum and P. piscicola [1] . Some of these species form specific bioluminescent mutualisms with marine fish that hold them in specialized luminous organs [2] [3] [4] . In addition, several species of the genus have been reported to be pathogenic for poiquilothermic animals and, therefore, they can indirectly affect human health through infection [5] [6] [7] [8] , or by food poisoning from consumption [1, [9] [10] [11] . The host range of these species is wide, and includes fish [12] [13] [14] [15] [16] , molluscs and crabs [17] [18] [19] [20] [21] , and corals and zoanthids [22] [23] [24] [25] .
Three strains, H01100410B T , H20040403B and H20040405H, presumed to belong to the genus Photobacterium, were isolated from two outbreaks affecting farmed redbanded seabream (Pagrus auriga) ranging in weight from 85 to 300 g, in the experimental research fish farm IFAPA, Centro El Toruño (Puerto de Santa Maria, Cadiz, south-west Spain) during spring and autumn 2011. From the spring outbreak, two strains were isolated from spleen (H20040403B) and liver (H20040405H) on tryptic soy agar (Difco) supplemented with 1.5 % (w/v) NaCl (TSAS), and on thiosulfate citrate bile salts sucrose (TCBS) agar supplemented with 1.5 % (w/v) NaCl (TCBS-1). Strain H01100410B T was isolated from the spleen of the affected fish in the autumn outbreak, using the abovementioned culture media. Bacteria were incubated at 22 C for 2-5 days and all the colonial characteristics were recorded. Isolates were maintained as cell suspensions in TSBS supplemented with 15 % (v/v) glycerol at À80 C. They were routinely grown on TSAS at 22 C for 24-48 h unless otherwise indicated.
Strains H01100410B
T , H20040403B and H20040405H were subjected to 16S rRNA gene sequence analysis. The obtained sequences [methodology explained below as part of the multilocus sequence analysis (MLSA)] were compared with corresponding sequences of type strains within the family Vibrionaceae using alignments retrieved from the latest updates of SILVA and LTP as references [26] and through the EzBioCloud identification tool [27] . The 16S rRNA gene sequence of strain H01100410B
T was completed using genomic data. Alignments were corrected manually based on secondary structure information. Sequence similarities were calculated in ARB without the use of an evolutionary substitution model. Phylogenetic analysis using alternative treeing methods (maximum-parsimony, maximum-likelihood and distance matrix) and data subsets were performed using the appropriate ARB tools [28] . According to sequence similarity and tree topology (Fig. 1 ) the closest related species were members of the genus Photobacterium, namely Photobacterium iliopiscarium, P. piscicola, P. kishitanii, P. aquimaris, P. phosphoreum and P. angustum (the type strains sharing 99.3, 99.2, 98.9, 98.8, 98.6 and 98.0 % sequence similarity with strain H01100410B T , respectively). The types of other species of Photobacterium had similarities to strain H01100410B T in the range 93.9-97.6 %.
Since the results of the 16S rRNA gene sequence analysis were inconclusive regarding the identification of the isolates at the species level, an MLSA scheme was adopted [29] . For this, bacterial genomic DNA was extracted according to the methodology described by Labella et al. [30] . The genes studied were: gapA (glyceraldehyde-3-phosphate dehydrogenase A), topA (DNA topoisomerase I), mreB (cell wall structural complex MreBCD), ftsZ (GTP-binding tubulinlike cell division protein), gyrB (DNA gyrase B subunit) and 16S rRNA. PCR amplification was carried out in a 25 µl reaction mixture containing 5 pmol of each primer (Table S1, bacterial template DNA. PCR amplifications were performed using a Mastercycle thermocyler (Eppendorf). Amplified products were examined by agarose gel electrophoresis (1.2 %) and ethidium bromide staining. Purified PCR amplicons were sequenced using a Bigdye Terminator v.3.1 kit (Applied Biosystems) in a 377 DNA sequencer (Applied Biosystems) and Seqman v5.53 (DNASTAR). GenBank accession numbers of gene sequences used in this study are listed in Table S2 . The alignment of the concatenated gene sequences (3700 bp) and further phylogenetic analysis were performed using the program MEGA 6 [31] . Maximum-likelihood, neighbour-joining and maximum-parsimony analyses [32] [33] [34] were carried out with bootstrap values obtained using 1000 replications. As shown in Fig. 2 , strains H01100410B
T , H20040403B and H20040405H formed an independent tight lineage with high support, suggesting a novel species with its closest relatives being P. piscicola and P. aquimaris. Although it has no implications regarding the conclusions of this study, we judge it is relevant to comment about the unexpected close proximity of P. frigidiphilum to P. kishitanii in the concatenated tree ( Fig. 2) , which is due to the higher similarity shared in the housekeeping genes (98.0 % gyrB, 99.3 % mreB, 99.5 % topA, 100 % gapA and 100 % ftsZ) than observed for the 16S rRNA gene sequences (97.1 %). This discrepancy has been reported before [35] and future studies with P. frigidiphilum should consider a reassessment of the sequences available.
The genetic variability of strains H01100410B
T , H20040403B and H20040405H was assessed using two PCR-based techniques (ERIC-and REP-PCR) including
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Photobacterium toruni H01100410B T , H20040403B and H20040405H plus the type strains of other Photobacterium species. Salinivibrio costicola was included as an outgroup. The tree is drawn to scale, with branch lengths measured in the number of substitutions per site. Bootstrap values greater than 70 % are shown at branch points (percentage of 1000 resamplings).
P. piscicola NCCB 100098
T as reference. Chromosomal DNA was extracted using the InstaGene Matrix (Bio-Rad) as previously described [13] . Reactions were carried out with Readyto-go-PCR beads (Amersham Pharmacia Biotech). These commercial beads have been optimized for PCR and contain buffer, nucleotides and Taq DNA polymerase. For this reason, the only reagents added to the reaction were template DNA (1 µl), primers (100 pmol each) and water to complete a volume of 25 µl. The primers used were ERIC1R (5¢-ATGTAAGCTCCTGGGGATTCAC-3¢) (T m 65.1 C) and ERIC2 (5¢-AAGTAAGTGACTGGGGT-GAGCG-3¢) (T m 66.4 C) for ERIC-PCR, and REP1D (5¢-NNHRC GYCGNCATCMGGC-3¢) (T m 62.5 C) and REP2D (5¢-RCGYCTTATCMGGCCTAC-3¢) (T m 55.1 C) for REP-PCR [36] . All PCR amplifications were performed in a T-gradient thermocycler (Biometra). ) as electrophoresis buffer. After staining with ethidium bromide, gels were photographed under UV light. The molecular weight markers used were: MWM1, Gene Ruler 100 bp DNA Ladder (Thermo Scientific); and MWM2, Marker VII 0.37-8.0 kbp (Roche Diagnostics). All the gels were scanned, and the images were captured by a GelDoc-2000 gel documentation system (Bio-Rad). The results obtained (Fig. S1 ) indicated that strains H20040403B and H20040405H presented almost the same band pattern, which is similar to that obtained for strain H01100410B T while P. piscicola NCCB 100098
T showed a very different band pattern both in REP-and ERIC-PCR assays. These results confirm that strains H20040403B and H20040405H might be considered as a clonal lineage closely related to strain H01100410B
T .
Whole genome sequencing of strain H01100410B T , selected as the type of the novel species, and P. piscicola NCCB 100098 T was addressed following published methods [37] , and genome de novo assembly was achieved using SPAdes 3.6 [38] . Strain H01100410B
T resulted in an annotated genome size of approximately 4.42 Mbp distributed in 118 contigs and with a G+C content of 38.9 mol%. Annotation using the program Prokka [39] gave a total of 3904 proteins, 200 tRNAs, 12 rRNAs and 1 tmRNA. In addition, it was compared to other reference genomes: the DNA-DNA hybridization (DDH) value was calculated in silico by the Genome-to-Genome Distance Calculator (GGDC 2.0) [40] using the BLAST method and recommended formula 2 [identities/high-scoring segment pairs (HSP) length], which is independent of genome length and is thus robust against the use of incomplete draft genomes; the average identity (ANI) according to MUMmer (ANIm) and BLAST (ANIb) was determined in JSpecies WS [41] . As shown in Table 1 , all estimated DDH values and ANI calculations were well below the thresholds for species separation (70 and 95 %, respectively), confirming that strain H01100410B T does not belong to any validly named species with standing in nomenclature.
Phenotypic features were studied in triplicate on strains H01100410B
T , H20040403B and H20040405H applying the standard morphological, physiological and biochemical tests described by Maci an et al. [42] , and those contained in the commercial kits API 20NE, API ID 32E and API ZYM (bio-M erieux). The reference strains P. angustum ATCC 25915 T , P. aquimaris LC2-065 T , P. frigidiphilum JCM 12947 T , P. iliopiscarium ATCC 51760 T , P. kishitanii ATCC BAA-1194 T , P. leiognathi ATCC 25521 T , P. phosphoreum ATCC 11040 T and P. piscicola NCCB 100098 T were tested in parallel for comparative purposes.
Biolog GN microplates (Biolog) were used for the determination of their carbon source utilization patterns. The differential phenotypic characteristics of the strains tested are given in Table 2 . Colonies of strains H01100410B T , H20040403B and H20040405H growing on TSAS were beige with entire edges and did not produce diffusible pigments. They grew on TCBS as green colonies, thus indicating that they were unable to ferment sucrose. All strains were psycrophilic/mesophilic and slightly halophilic, and their hydrolytic abilities included urease, amylase, alkaline phosphatase, acid phosphatase, naphthol-AS-BI-phosphohydrolase, esterase (C4) and N-acetyl-b-glucosaminidase activities. The complete results for strains H01100410B T , H20040403B and H20040405H on the miniaturized systems are given in the species description. The strains tested were able to metabolize a large number of the substrates contained in the different test galleries.
The cellular fatty acid profiles for strain H01100410B
T and various reference strains were obtained according to standard protocols as described for the MIDI Microbial Identification System [43] , with an Agilent 6850 chromatographic unit, with the MIDI Microbial Identification System applying the TSBA6 method [44] and the Microbial Identification Sherlock software package. The majority of the fatty acids were similar for the tested strains, although differences in their percentages were observed (Table 3) . Among other differences, C 17 : 1 !8c and summed feature 1 (C 13 : 0 3-OH and iso-C 15 : 1 H) were minor components in strain H01100410B
T but absent in the other type strains ( Table 3 ).
The integration of genomic data is now routinely used in taxonomy. Through such methods information regarding polar lipids and other chemotaxonomic traits will increasingly be incorporated [45] . The genome of strain H01100410B T contains the genes coding for phosphatidate cytidylyltransferase (cdsA) (EC 2.7.7.41), phosphatitylglycerophosphate (pgsA) (EC 2.7.8.5) and phosphatidyglycerophosphatase A and B (pspA, B) (EC 3.1.3.27) needed to synthetize phosphatidylglycerol and all genes coding for cardiolipin synthetase (cls) (EC 2.7.8.-) and phosphatidyl serine decarboxylase (psd) (EC 4.1.1.65), which predict the ability to synthesize diphosphatidylglycerol and phosphatidylethanolamine respectively. These synthetic abilities are 
Growth at:
Acid production from: in agreement with the finding that the two Photobacterium species so far studied for polar lipid composition contain phosphatidylglycerol, phosphatidylethanolamine and diphosphatidylglycerol as main phospholipids: P. aquae [46] and P. panuliri [47] . Regarding the main quinone type, genomic information confirmed the ability of strain H01100410B T to synthesize ubiquinone 8 (Q-8), as for other species of the genus, based on the presence of the gene coding for octaprenyl diphosphate synthase (E 2.5.1.90), but not enzymes able to synthesize larger quinone poliisoprenoids.
Based on data from the present polyphasic analysis, we propose to classify strains H01100410B
T , H20040403B and H20040405H as representing a novel species, Photobacterium toruni sp. nov.
DESCRIPTION OF PHOTOBACTERIUM TORUNI SP. NOV.
Photobacterium toruni (to.ru'ni. N.L. gen. n. toruni from El Toruño, the first centre of investigation on aquaculture established in Andalusia, Spain, referring to the isolation location).
Cells are Gram-stain-negative, motile bacilli, 0.6-1.1 µm wide and 2.3-3.3 µm long. Chemo-organotrophic and facultatively anaerobic. Ferments glucose, as well as galactose and D-mannose, without production of gas. Oxidase and catalase are positive. Grows on TSAS, producing regular colonies (1.5-2.5 mm) after 48-72 h at 22 C without diffusible pigment production. Grows on TCBS, producing green (sucrosenegative) colonies, and at 4, 18 and 30 C but not at 37 C or above. At 35 C, only strain H01100410B T showed growth (weak). Good growth is observed on 0-6 % total salts, but only strain H20040403B thrives at 8 % salinity.
Reduces nitrate to nitrite, but not to N 2 . Positive for lysine decarboxylase, urease, amylase, acid phosphatase, alkaline phosphatase, naphthol-AS-BI-phosphohydrolase, esterase (C4), a-glucosidase and N-acetyl-b-glucosaminidase, but negative for indole production from tryptophan, ornithine decarboxylase, trypsin, a-chemotrypsin, hydrolysis of gelatin and aesculin, b-glucosidase, a-galactosidase, bgalactosidase, b-glucuronidase, a-maltosidase, a-mannosidase, a-fucosidase, L-aspartic acid arylamidase, valine aryalmidase and cystine arylamidase. Leucin arylamidase, lipase (C14) and esterase lipase (C8) are positive for strains H01100410B
T and H20040405H but negative for strain H20040403B. Variable results are obtained for arginine dihydrolase depending on the strain considered and method used. The type strain is H01100410B T (=CECT 9189 T =LMG 29991 T ) and was isolated from spleen samples of a diseased fish, farmed redbanded seabream, in a mortality outbreak in autumn 2011 on the southern Atlantic coast of Spain. The DNA G+C content of the type strain, obtained from its draft genome sequence, is 38.6 mol%.
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